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Synopsls . . D . U

SYNOPSIS

The investligation of fluvlal sedlmert sampling problems conducted
‘“561nt1y by several ‘Federal agercies since 1939 has pointed out the need
fbr'standardlzation:and‘lmprovement of sampling methods and eguipment
" and ‘has led tb the development of lmproved types of suspended sediment
”s;mﬁlers;:'Thls forward step was cohsldered essentlal 1n order that data
“collected in the future by vaflous'agencbés and under dlverse stream
‘conditions mlght be correlated more readlly than ls possible with the
hggregations of data ‘avallable at the present time.” A thorough study of
existing samplers lndleated that many of those In curremt use violate
" the Vasle princlples of atcurate sedlment sampling. - On the other hand,
practicdl experlence' hdas dlctated the deslgn of many:featureslin present
-samplerS‘whlchrfacilitate'thelr.use in.the field. The deslrable fea-
tures were incorporated‘in the improved models insofar as they were con-
sistent with accurate sampling. The development of experlimental models
of depth-integrating and point-integrating samplers 1ls presented 1n this
rgport, together with some of the more 1mportant'lab0ratory tests on the
completed instruments. Photographs of the experimental samplers and
phﬁtographs and drawlngs of flnal models are included.

Several duplicates of the samplers were constructed and dlstrib-
uted to fleld offices of the cooperating agencies for testlng and for
comparison of sampling charagcteristics wlth those of other typeg in
current use. The results of field tests conductec prior to December
1944 are presented in the ;eport, "Comparatlve Fleld Tests on Sus-

vended Sediment Samplers." Many samplers of the final types have been
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manufactured and extensively ﬁsed in routine field work with satiafac-~
tory results.
At a meeting in Washington, D. C., on March 28, 1844, the Inter-
~departmental Committee adopted the mame "US Sediment Sampler D-43" for
the improved depth-integrating sampler and "US Sediment Sempler P-43"
for the improved point-integrating sediment sgmpler. The number 43 re-
fers to the year in which the samplers were completed. Common usage has
-ghortened these deslgnations to simply US D-43 and US P-43 sediment sam-
pler, respectively. «Likewiée the third experimental point-intedrating
sampler has been‘deslénated as US P-48 and the second experimental
depth-integrating hand sampler US DH-48. When subsequent models were
brought out with major improvements, they were.deslgnated slmlla;ly,by
- numerals to .lndicate the years in whlgh they were gonstructed, as for
instance .the more recently developed_depth;lntegratlna sampler, US D-49,

and the polnt-integrating sampler, US P-350.
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THE DESIGN OF IMPROVED TYPES OFVSUSPENDED SEDIMENT SAMPLERS
I. INTRODUCTION

1. The need for standardization of sediment sampling equipment--

In the past, sahples of fluvial sediments have beer collected from many
stréams, but usually'durlng dnly short perlods of tlime. 1In general,
each invéstlgétor, with the means at hls disposal, developed methods and
equipment to meet his Immedlate requirements. Very little information
ls avallable coﬁcernihg the accuracy of the many different types of
eqﬁlpment that havé been used in'past yearé.‘ This Eltuatlon wés recog-

.nlzéd ﬁy several égencies of the Federal Government concerned with sedl-
ment probleﬁs and an infofmai cooperative lnvestligation was inltliated in
ofdér to determiné the reliabllity of the previous records, and to
develop equlipment and methods of making meaéurements'whlch would provide
more reliablé data and perﬁit better correlation of data obtalned by
varlous agencléa under diverse stream conditlons.

The first step was to lnvestigate the apparatﬁs which had already
béen used for thls purpose. The results of thils study are'glven in
Report No, 1 of this serles, entitled "Fleld Practice and Equipment Used
in Sémpllng Suspended Sediment." Thls study dlsclosed that some 85
samplefs, embodying 8 number of different designs, have been used slnce
thé first sediment samples were taken in the Rhone River, Prance, in
1808, Thirty of these saﬁplers were of the lnstantaneous type, 20 of
the point—integfaﬂlng type, and 8 of the depﬁh-lntegratlng type, with

several designed to obtain both polnt- and depth-integrated samples. It
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was anticipated that a study of the various samplers used in past years
would indicate a type sultable for generai use in all streams. K However,
this comprehensive survey of sediment sampling equipment revealed cer-
taln fundamental objections in all the samplers investigated.and empha-
sized the need for improvement and standardization of such instruments,
.In considering a new design, it %ppeareﬁ that the polntfintegratlng type
of sampler would cover a greater range qf the field conditlons en-
.countered in the routine determinatior of mean sedimeqt qonqentrat}ons
of streams than would thelsimpler.depthwintegrating type. However, the
initial cost of the fo:mer.was estimated to be considerably greater.
Therefore,‘it wag declilded that e;pe:lmental quels'of both types of
samplers should be developed with a view to providinglp:actical and
efficlent equipment for as wide a range of field conditions as possible.
This study did not provide for any further investigation or development
of the point-instantaneous type of sampler.

The design of the depth-integrating sampler was predicated on the
hypothesis that an integrated sample of the waper-sed;ment mixture
existing at the place and time of sampling would be obtalned if the
filling rate were such that the velocity at the polnt of intake is equal
.to the local stream veloclty while the sampler is moved ;tra unifofm
vertical speed in the s@ream, " The simple depth-lintegrating sampler ls
particularly sultable for use 1n fa1r1y shallqw streams. _In operation,
- the sampler should be lowered to the bed of the stream and raised to the
surface at a uniform rate such that thq container‘will te nearly but not
cpmpietely filled at the end of the trip. Since gampling wquld continue

~during the entire period of submergence and with a filling rate equal to
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the stream vélocity, the sediment load would be inﬂeéfated throughdut
the depth;  For streams deeper-than about 19 ft., it is necésééry to
modify the sampler so that filling will take place only on either the
'desceﬁdinQJOr ascending trip. For this purpose the sampler can be pro-
vided Witﬁ a valve whlch ls operated electrically or by a foot lever
mechanlsm for clesing or opening the intake nozzle and alr exhaust at
5fﬁhe stream bed. As before, the contalner should not be completely
) fiilgq at the énqiqf the sampling trip. |

The pdiqt-integrating sampler was dqveiqped to téké:a sample
at any point in a stream over a period of tine. As in the depth-
“'ihﬂggfgtiﬁé sampler, the fillinglrate is ‘governed byrﬁhé‘éiieamrveloci_
ty{:the polnt-integrating sampler differiné from the qthéf ﬁylncipally
in that it ls designed to 1nteg;été the gediment‘load;gy Qp&Jselected
Qp@nt dqrrng a short pqridd of:time instead of In a streé@fy?rtical.
The“principalruge of the pbint-integratlng.sampler in pbﬁﬁ;ﬁéVSediment
measurements would be ln ;treams t00 degp to be sampled satlsfactorily
; yiﬁh'a simple depkh;lntegrating sampler. VThe sédiment Joaa can be
detéﬁmined frqm gseveral polnt samples ln each'vértlcal; or‘the polint
»;aﬁp;ar can be gsed for roﬁnd—trip integfaﬁion ot for integration on
elther an ascendlng or descend;ng trip. The point—inteé;ating sampler
would be particularly useful also in making'investigationé of sediment
Vd;stribution and yarigtigns in partlicle slze with respect to other vari-
ablersfream'cdnditiona, gnd in studylng the movement of sediment through
deep reservolrs,

X

2. Requlrements of an ldeal suspended sediment sampler--A review

of the llterature as discussed in Report No. 1 of this serles, together
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with a detailed analysis of existing methods of collecting suspended
sediment samples as discussed in Report No. &, entitled "Laboratory
Investigations of Suspended Sediment Samplers," has resulted in estab-~
lishing a number of requirements for a suspended sediment sampler of the
integrating type. These are set forth and discussed in the following
subparagraphs:

2. The sampler must fill at a rate proportional to the stream
velocity~-The laboratory investigation of suspended sediment sam-
plers described in Report No. 5 of this series indicated that, in
order to collect a true suspended sediment sample under all con-
ditions, the sampler must fill at such a rate that the velocity in

the nozzle at point of intake ls equal to the local stream veloc-
ity.

Laboratory tests indicated that, if the veloclity in the intake
is less than the stream veloecity, the sediment econcentration in
the sample will be greater than the true value. Conversely, if
the velocity in the intake is greater than the stream velocity,
the concentration will be too low. The degree of error in each
case increases with the extent of departure from the standard
‘velocity ratio and with the size of sediment particles in susper—
sion. The discrepancy in sediment concentration increases more
rapldly with subnormal intake rates than with correspondingly
'supernormal rates.

b. The intake nozzle should polnt into the stream and pro-
trude ahead of the sampler--Laboratory and field investigations
have indicated that the intake nozzle of the sampler should point
into the stream parallel to the flow and project sufficlently far
in front of the body of the sampler so that the stream line
.pattern at the intake is not appreciably changed by the presence
of the sampler. Laboratory investigation of the Rock Island sam-
pler, Report No. 5, indicated that a 1-in. extension of the nozzle
in front of the sampler gave satisfactory results whén in a rigid
horizontal: pOSltlon. Ko tests were made w1th the nozzle assembly
at an angle with the flow.

c. ©Sampler should be smooth filling--Field testas of existing
samplers c¢learly showed that those which were not fitted with
separate intakes and air exhausts tended to fill at irregular
rates, as by gulps. For best results the sampler should have an
air exhaust separate from the intake nozzle,

-'g.-‘lniilal inrush--When a sediment sampler without a pressure
equallizing device is opened below the water surface, there is a
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sudden inrush of the water-sediment mlxture. The quantity enter-
ing 1s a function of the depth of submergence and represents the
volume deoregse of the alr in the sampler reguired to equalize the
pressgure inside and .outside of the container. Test data shown 1n
Report No. 5 for several different types of samplers lndicate that
the inrush oécurs In less than one msecond. The volume of initlal
inrush at various depths in terms of the capaclty of the contaln-
er, as determined from Boyle's law, 1s shown in Table 1. Occur-
ring at éxcesslveiy high veloclty, the initial lnrush will result
in a sample of too low concentration, and the total sample is not
a true time-integrated one due to excess inflow durlng the first
second. The magnltude of error lncreases with the partlcle slze
in suspension and with the depth to the sampling polnt.

In the depth-integration method, initlal inrush does not occur
when collecting sediment samples from the water surface downward.
However, 1f the downward transit rate ls excesslve in relation to
the stream veloclity, filling will occur too rapldly for the same
reason that initial inrush takes place. Water may even enter the
air exhaust as well as the 1lntake nozzle. This condltion 1s
further dlscussed in Sectlons 7 and 8.

TABLE 1

RELATION OF INITIAL INRUSH TO DEPTH

Depth at which TRItTal inrush,

sampler is opened : per cent of total capaclty

ft. - of container '
1 - - 3
5 ‘ ' 13

10 , 23

15 - -+ 81

20 37

30 ’ : 47

34 50

40 ‘ 54

50 80

100 ’ ‘ 75

e. Deslirablility of a removable container--Tests mad~ on
exiszlng types of samplers show that sedimernt partlcles tend to
adhere to the sides of the contalner. To avold thls source of

~error, the sampler should be fitted with a removable sample con-
talner, preferably a fruit Jar or milk hottle, whlch can be
readlily sealed for shipment to the laboratory, thus eliminating
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the necessity of transferring the sample to other containers in
the field.

f. gSampler should permit sampling close to the stream bed--
The concentratlon of sedlment in a normal stream, especially for
partlcle sizes greater than 1/18 mm., increases from the surface
to the bed of the stream. Therefore, unless a depth-inptegrating
sampler will functlion at points relatively close to the stream
bed, the sample collected may not be representative of the mean
concentration in the vertical. The results of analyses set up in
Report No. a, "Aﬁalytical Study of Methods of Sampling Suspended
Sediment," indicate that an apparatus which will properly sample
95 to 98 per cent of a stream depth, or within 4 in, of the bed
for any depth greater than 10 ft., is gquite satisfactory.

g+ General features ln design--In addition to the require-
ments outlined in the precedling paragraphs, a suspended sediment
gsampler. should be as streamlined as the space requlred for in-
stalling a removable container will permit, and heavy enough to
eliminate excessive downstream drag 1f used in streams with high
velocitles. The sampler . should be fitted wlth a rudder and
lateral vanes whleh wlll hold the intake nozzle parallel to the
flow, The rudder should be so shaped that the sampler behaves
properly in high veloclty flow and does not tilt appreciably when
in transit. However, for a sampler suspended on a rod, sufflclent
stability may be. obtained without the use of special weight and
rudder. The sampler should be slmply apd sturdily constructed,
especlally its moving parts, to minimize the need for repairs in
the fleld. Furthermore, the cost of constructing the samplers
should be as low as possible consistent with good design and per-
formance. It was not proposed to develop an entirely orlglnal form
of sampler, but rather to utlillze the tried and proven features
of exlsting samplers which have been originated by the scores of
persons who have given thought to this subject in the past.

3. Bcope of the general study--~The various phases covered in the

general project, "A Study of Methods Used in Measurement and Analysls of

Sediment Loads in Streams,” of which the present study ls a part, are

indicated by the following titles and resumes of prededing reports ln

the serles.

Report No. 1--"Fleld Practice and Equipment Used 1ln Sampling
Suspended Sediment" is a detalled review of the equipment and
methods used in suspended sediment sampling from the earlliest
lnvestigation to the present, wilith discussliaous of the advantages
and disadvantages of the varicus methods:and instruments. The re-
quirements of a sampler which would meet .all field c¢onditlons
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'satisfactoril ly are set forth.

Repdrt No. 2--"Equipment Used for Sampling Bed-Load and Béd
Material™ deals with bed-load and bed material in a manner similar
to that in which Report No. 1 covers suspended load.

" Report No. 3--"Analytical Study of Methods of Sampling Sus-
pended Sediment” covers an Investigation of the accuracy of vari-
ous methods of Eampllng susperided sediment in a vertical sec¢tion
of a stream based on the latest developments Iin the appllcatiOn
of turbulence theories to sediment transportation.

'Repdrt No. 4--"Methods of Analyzing Sediment Samples" de-
~ sgribes many methods developed for determining the size of small
"“particles in sediment analyses. Detailed instructions are given

for many of the common methods in use for determining the parti-
cle size and the total concentration of seédiment in samples ‘as
developed by agencies doling extensive woark in these flelds.

Report No. 5--"Laboratory Investigations of Suspended Sediment
Samplers"” describes investigations of the effects of various in-
. take conditions on the accuracy of sediment samples and the
f;lllng characteristics of slow filling samplers under various
conditions,
Report No. 7--"A Study of New Methods for Size Analysis of
Suspended Sediment Samples" gives an account of a study to develop
.methods of size analysis more sultable for the conditions usually
met in suspended.sedlment studies. It describes a simple form of
apparatus developed and gives detalled procedures for its use.

Report No. 8--"Measurement of the Sediment Discharge of
Streams” describes the most efficlent methods and equipment to be
used in making sediment measurements under the various conditlons
encountered in natural streams.' ’

Report No. 9--"Density of Sediments Deposited in Reservolrs"

presents data on the apparent density of sediment deposited in

"‘varlous exlsting reservoirs. The results are suymmarlzed and
certain conclusions of value in engineering studies are glven.

4. Authority and personnel--The cooperative project for investi-

gation of sediment sampling problems, of which this report is a part,
was planned ahd conducted Jjointly by an Interdepartmental Committee
 composed of representatives of ‘the following agencles of the United

States Government: Corps of Engineers, Geologlcal Survey, Bureau of
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Reclamation, Office of Indian Affalrs, Flood Control Coordlnat%ng Com-
mittee of the Department qf_Agricgltgre, and the Tennessee Valley
Authority. Prior to 1948, tﬁé invéstigation was cc#&udted at ihe Hy-
.draulic Laboratory of the, Iowa Ingtitute of Hydraulic Regearph, State
Upiﬁqrﬁ;ty of Iowé, Towa City, Iowa, under the directioﬂ of Professor
E. W. Lane, The following répresentaﬁives of the qﬁopérating agen-
cles Ra{t;eipated in various phases of the general project: Paul C.
Benediét; Clarence A. Béylli Byrnon C.-COlby; RussélluP.'éhrigtensen;
Morgan ﬁ,“Dubrowf Cleveland R. ﬁorne, Jr.; Victor'A. Kbeliér;rPhilip M.
Noble{rvérhon j; Palmer; Frank W. Parker; Donald E. Hhineharﬁ} and John
Ww. Stanley.

The pr1gihalLreseafch work connéctqd'with ﬁhe develgpment. of sedi-
ment samplers was conducted by Morgan D. Dubrow, Corps of Enginéers, and
jqﬁn W. Stanley, U.-S;_Bureau of Reclamation, Later, Paui C. Benedict,
U. s. Geﬁlqg;éal Surﬁey, completed the design,rsupgfvlggd the construc-
tion of fhe initiél‘experimental sampler models, and conducted labora-
tory aﬂd,field £és§s. Since Augus£ 1p486, fupther imprq#ément_in the
eiperimentalzsa$plers, developmept of new_ﬁodels, and laborgtory and
field research to determine the characteristics and l;mitations of

_the sémplers, héve been Earried on by'Byrnén C;;Cdiby and Rﬂssell P.
Christensen ﬁnder the general supervision of Péul C. Benedlet and Martin
"E. Nelson.

At a meeting of the Interdepartmental Commitiee in April 1946, 1t

~was agreed to dissoive the Committee and to transfer its actvivitles and

functions to the recently established Federal Inter-Agency River Basin

Subcommittee on Sedimentation. The Inter-Agency Committee 1s composed
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of represenpgtives of the Department of the Army, Department of the
" Interlor, Department of Agriculture, Department of Comﬁefee, Tennessee
Vdlley Authority, and FPederal Power Commission, and has as one of 1ts
" obJectlvés the coordination of the hydrologic activities of these
Fedéral departments through the assistance of its 'several subcommittees.
The Subocommittee on Sedimentation formally tock over the activities and
‘the unfinished program of the Interdepartmental Committee in June 1948.
‘ In Jurie 1948 the project was transferred from the Iowa Instltute
of Hydraulic Research to the St. Anthony Falls Hydraulle Laboratory of
the ﬁnlversity of Minnesota}in Minneapolis. Under 'the direction of
‘Martin E. Nelson, Englineer, personnel of the Corps of Engineers Hydrau-
lic Laboratory Sub-Office, statione& at the Towa Institute of Hydraullc
Researc¢h and at the St. Anthony Falls Hydraullc Laboratory, asslsted in
the admlﬁiétfation of the project and im editing and publishing this
report.' ‘

B, Acknowledgments-~In the development of the equipment described

fﬁ'thfs'repdrt, sugdestions and constructive criticisms were recelved
‘froﬁ many individuals interested in the project. Martin E. Nelson made
a number 6f valuable suggestions lrn the deslgn and development of the
'samﬁlérs,'and'helpful suggestions were also made by Arthur H. Frazler,

"Chief, Division of Fleld Equipment, U. 5. Geologlcal Survey. °
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II. DEVELOPMENT OF DEFTH-INTEGRATING SAMELERS

6. Definlition of a depth-integrating sampler--A depth-integrating

sampler ls designed to.accumulate a water-sediment sample from a stream
vertical at such a rate that the velocity in the nozzle at poipt of in-
take ls always as nearly as possible identiqal y;th the immediate stream
velocity whilé.running the vertical at a uniform speedf The inflowing
water-sedliment mixture collecped wlll:ﬁe weighted.accordiqg to the
_instaneous stream veloclty at the locus .of -the intake nozzle,and, there-
fore, will be representative of the sediment load in the vertical, &
-simple. depth-integrating sampler fills while it 1is being lowergqgfrom
the water surface to .the stream bed and while beLng raisgd t¢ the sur-
face again. A few of the earlier instruments of this type pe;mitted
closing .the intake nozzle and alr exhaust upon reach;ng thq st;eamxbed
so that a sample could be collected on the descending trip only; 1f de-
sired. Ipn elther case the sampling period should be long enough to
nearly fill the contaliner, but not so long as to completely fill it lest
someg of the accumulated sample should .escape through the alr exhaust.

The .polnt-integrating sampler described;in ChapterKIII may also be
used as a simple depth-integrating sampler. In addition,,it may be used
to collect samples on either descending or ascending trips, as tpe in-
take nozzle and alr exhaust can be c¢losed or opened at any depth. The
use of the point-lntegrating sampler to collect depth-integrated samples
in deep streams is dlsg¢ussed in Séction 28.

7. Intake nozzle and filllng characteristics--At any instant

during the operation of a depth-~integrating sampler, the air mass in the
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container is a function of the hydrostatic head and the prior rate of
f£illing. For the purpose of derlving simplified relationships between
the fllllng and lowering rates, it will be assumed (1) that the veloclty
in the nozzle at poini of intake ls always equal to the immediate stiream
veloclity, (2) that a typlcal velocity distribution in the vertical pre-
vails, and {(3) that the sampler moves in a vertlical line while in
transit. However, in thls theoretlcel analysis the requirement of a
unlform lowering rate will be suspended. As the sampler ls lowered into
a stream, gufficlent liguid must enter the contaliner to compress instan-
tanecusly the lnslde air so tha£ lts pressgsure balances the efternal
hydrostatlic ﬁead. In order io saiisfy the first.of £he.abpve aséump_
tions, the rate of-air vﬁluﬁe contraction due to 1ncfeasing hydrostatic
preésure must never exceéd the normal volume rate of liguld inflow.
Hence the maxlmum allowable speed of lowering the-sampler obtains when
these two factors are exactly equallzed without alr escaping from the
contalner.

If the normal infleow at any lnstant is less than the alr volume
reduction necesgary to balance a gdiven chande in hydrostatic head, the
acﬁual inflow will occur at a rate higher than the local stream velocity
and, in agddltion, some lnflow may occur through the alr e;haust; Sam~
pfes eo;lected under thése econdltions will no longer be weighted ac-
oordling to the vertical velocityrcurve. On the oiher hand, if the
normal inflow exceeds the air volume reductlon ﬁecessary to balance a
given change in hy&rostatlc head, alr will escape from the sample con-
tainer, permitting the actual inflow to occur at a rateVEqual to the

stream veloclity, and the sample collegted wlll be welghted accordlng to
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the vertlical velocity curve.. The relatlon of the lowering and filling
rates and their effects upon the volume of alr ln the¢ contailner may be
analyzed-if it is assumed that no alr escapes from the contalner and
that the air in the contalner will be compressed by the changing hydro-
static head so:that the reduction in alr volume ls just balanced by the

Inflowlng water. From Boyle's law it follows that,

hv = hyV, D

the temperature remaining constant.
The symbols used inzﬁhis reﬁort have the following deflinltions:
A -~ area of lntake nozzle at entrance, sq. ft.

n

D - vertlcal depth to any point in the stream, ft., = D, at
polnt "a," © Db at point "bh." . -

-Dg ~ depth of stream or sampling depth, ft.
. d = ratlo of depth at any point to the 'total depth, = D/D.
h —~ absolute pressure head at any depth, = h1 + D, ft.-

h1 - absolute pressure head at water surface, = 34 ft. of
water at sea level.

r - ratio df the velocity at any polnt in the vertical to
the mean stream velocity, = v/vp. .

r, - ratlo of the average velocity from the water surface
down to polnt "a" to the mean stream velocity, = v, /v_.

Ry - lowéring rate, ft./sec.

E- time from start of sampling, sec.

Vv - voiume of air in container at any depth, cu. ft., = V1
at water surface, - V, at polnt "a," = WV at poinmt "b.r

- V4.- volume of container, cu. ft. (1 pt. = C.01871 cu, ft.)

V., - vplume:of water in the container at any depth, cu. ft.
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v - siream velogity at any point in the vertical, ft./sec.
Vp - mean stream veloelty in sampling vertlcal, ft./sec.

Vo - average stream velocity between the water surface

and point "a" ft./sec., = roVpe

The rate of change in the air volume in the container at"any depth

is obtained by rewriting equation (1} and differentiating with respéct

to time.

v h vy "hyVy
" h (hy + D}
av. BV, D
— - e P —— P . » . ] » - » - - L] (2)
at (hy + D)2 dt _

The rate of change in air volume at any depth may also be expressed in

terms of the area of the intake nozzle and rate of inflow.

' dv

The lowering rate, Ry , at any instant is Sbtained bf eqﬁating (2} and

{3) and: solving for dD/dt .

h,vy dan
T m———— .= - Anv
(b + D)2 4%
ldD Anv(h1 + D)2 .
-dn—t-a -—-n—-—l‘-;—v;!——-—— = Rh - . - - - L] [ . t4)

171

It will be noted that the lowering rate indicated by equatlion (4) varles
with the depth and vélocity. Réarranging and substituting for v and D,

el

Ry, Aprthy + Dgd)?
pe———} . .8 L] L] L] . . L . (5)

m hlvla
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As indlicated by ‘equation (5) the maximum permissible lowering
rates vary lnversely with the volume of the sample c¢ontainer.
‘Values=of:'Bﬂ7vh from equation (5) for a sampler having 3/16-~in.

dlameter intake nozzle and a one-pint sample contalner for representa-
tive depths and velocities are shown in Flg. 1.

N

8. Maxlimum lowering

o T T T T
. [ |
' \\<§<A g rate—-The derivatlon of equa-
[\ l _—
g AN N 2 Ligd : .
il ﬁ\\ N "‘L? . tion (%) ln Sectlon 7 and the
. \ ) \ \\\ T
“ B\ B data shown in Fig, 1 are
- F .
% :‘ \ \ \\\\ A _
® L f\\ﬁh baged on certaln assumptlions

s
R

b

| Fi R .
: > // \\ that simplified the analysis
A 9] @ ,

~°:u:“*-3 //» f 7/ of the sampling procéss but
Fa o
]
o

"

8 s 17 V4 nd
oL A 2]

) 0.2 0.4

/]
[~
”/,d’f(/ | which "introduced some devia-
o8 5 10 1z

Ry /¥ AND

. . tions from condltlons that
‘Fig. 1--Values of ‘Rp/v, for depth- °

integrating sampler based on equa- . actually occur in a fileld
tion {5) for a typlcal vertical
'veloéity c¢urvé for ‘any depth - operatioh. In depth integra-

tlon, it 1s necessary that a unlform tramsit rate be used and that the
veloclty in the nozzle at polint of intake_ls always equal to the ilmme-
diate stream veloclity. ‘Under thése cquit}ohs, alr must negessarlily
esgape from the sample container. As soon as some alr is expelled from
thé contalner, the factor "Vv," thgffoiume of-alr in the contalner, in

equatlion (5), becomes smaller, and it is apparent that somewhat faster
‘ . L CE . i - - ' s T

S

lowering rates would be peruissible for the bottom portions of the deep-
er depths than those indicated under the restrictive assumptlons used in
this analysis. A& more accurate expression for the lowerlng rates appll-

cable to field sampling operations ‘may be derived as follows:
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Assuue a uniform lowering rate and consider two points "a"--and *b"
in the vertical path of the- sampler nozzle sufficiently near to each
other so that alr loss through the exhaust 1s negligible while the
sampler moves from-poiht "a" to peiht "b."

The alr volume at poilnt "a" is

. DB
Va = Vl F:‘-’w.’;‘, Vl - AnV° E; .

In moving downward from "a" to "b," the hydrostatlc preasure
dlfferential causes a reduction in air volume in obedlence to Boyle s
1aw.

h1 + Da

B i o TVa | R
o ' T FET I
The change in air volume is

Av (v V. ) v 2o " De
- = a ” b = a ——
_ . h1‘+ Dy,

and the rate of change of alr volume becomés

‘Av-- - | Dp - Daf R, |  VaBg

- — x

v, .
At by + Dy [Pp - Da] By + Dy

Introduoingdthe exp?ession for V5 derived atove and allowing

At  to approach zero and "a" to approach "b," so that, 1in the limit,

; aLmeoTmoo coppe ayn VqBp - ApveD
At T d T n 4D

But the maximum allowable speed of lowering the sampler ob-
tains when the rate of alr volume contraction due to increasing hydro-

statlc pressure exactly equals the normal volume rate of liquld inflow
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giveh by 'equation (3). o bt sl

V.R o~ ALv.D o ‘.
1LHax‘ n'o :

- Apv = - -
n
. ‘ h, +D

Converting to relative depth and veloeity, .and solving for. the
maximum relative transit rate
Rp| - . An . ‘ , :
—_] _=:—y-'r(h1+D§d)+‘r°Dsd e e s e e s . (B)
Val.. Vl ‘
Max
Equatior (68) may be solved for any stream depth and veloclty dis-
tribution. As the lowering rate must be uniform for any one integra-
tion, the maximum allowable lowering rate for any stream depth is the
smallest value of RL/vm ;obtalnablg from equation (8) for that depth.
For depths over 15.4 ft. the maximum permissible uniform lowering rate
is that shown for the surfaqe of the stream where both aquations (5) and

{6} reduce to

RLV Anrhl

Hax Y1

For depths less than 15.4 ft. the méximum ;ate’varies with the depth and
stream velocity.';Valués 6f"nL/§; ; the ﬁ;ximum pefmissible uniform
léwérihé rate with fespéét to the mean sirehﬁ:veléélty, to be uééd with
intake nozzles o}“i}e;; 3/£6— and 1/4—1n: dlémeter in streams of varioﬁs
depths as determined from equation {(6), are shown in Pig. 2. If thé
uniform lowering rate selected for given sampling conditions does not
exceed the maximum indicated by Fig. 2, alr will escape from the con-
tainer while the sﬁmﬁlé; is in transit, Aérﬂheisampler deséeﬁds, the

pressuré in the contalner will vary directly with the hydrostatic pres-

sure surrounding the sampler. The veloclty in the nozzle at point of
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Intake will he equal to the looal ' ° op= : 1
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surfdce would give values of - - T -
PFig. 2--Maximum and minimum wvalues

0.17, 0.89, and 0.89 Tespective- '~ "of Ry/v,  ‘for one-way depth
intedration wlth sample contalner
Ay." ‘For a satipler usded for:< - - of one-plint capaclty - & *

depth Integration frofi the ‘water surface downward, these would be the
theoretical limiting lowering rates regardless of the depth of stream.

P Mlnimum translt rate--The minimum lowering rate whieh will

aliow the ‘samplie contalner to become full just at the instant the sam-

pler reaches the bottom tsigiven by the equatlon

o . B AR

e
ApvmDs

=l e d Don T ; AH L ’ V.

10
fhe minitmum values of the relative lowerling rate, Ry/vy ; glven by this

equatlon for samplers of one-pint capaclty with intake nozzles of 1/8-,
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3/16~, and.1/4~in. diameter are shown in .Fig. 2. 1In computing these
Qélues }t wasg agsumed £hé£‘the'streqm would be sampled downward through~
out thé entire depth, and‘thgilalﬁ would escape from the contalner in
proportion to tﬂé_liﬁuid inflow and the change in hydrostatic head.
However, equationgtv) ;pplies ﬁo minimum transit rates for upward. as

well as for downward integration.

10. . .Qther 1imitat1Qha on trangit rates~-There are certain other
factors involved in.sedlmentlsaﬁpling which may-tend to place a limit on
thé lowérlng rate)sémewhat less than the ccmputed maximum values shown
in Pig. 2, such as, (1),thé equlﬁmemt avallable for loweprind and ralsing
the samplef; and (2)-tﬁe velocity of the stream relative to the veloclty
of the sampler when in translt,r The firat factor is a very practlical
éne, as ordinary stresm gaging reels of 1- and 2-ft. clrcumferences will
not égt@it‘trans4t,rgtgs greater than about 2 and 3.5 ft. per seec., re-
spectively. fhé‘aecond factor varies with the trangit rate of the gam-
pieriand-the sﬁréa; ;éiocity.  Assum1ng that the axis of the lntake
nozzle‘reﬁaigs far;liel.to £he‘water surface and the sampler moves along
a.vertical line while in transit, the vector which .represents the water
velocity relative to the sampler crosses the nozzle at an angle.. The
resulting flow, therefore, approaches the.lntake,pgzzleﬁat an angle and
the conditions, insofar as the intake nozzle is concerned, are the same
as though the nozzle were held in a fixed positlion but at a gorre-
sponding angle to the lines of flow. The magnitude of error due to the
motion of the sémpler ig a functloﬂ of (1) the wveloclity of the water,
(2) the translt:rate of the sampler, and (3) the partlicle slze of the

sediment in suspension.
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The effeqt of orlenting the standard test nozzle with respect to
tle clrectlon of flow, when in a flxed horizontal pocltlcn5 is descclbed
1n;chort No. 3. Ihe.tesﬁ.datc arc precen}ed‘ln Flé. 15 of that rebort
lc terms of the errcrs in ccdlment concentralicn and\;hew;elatlve sam-
pllng rcte whlch is- the ratlo of the intake nozzle velocity .to the local

&tream velocity.

_The_resulta, while-lﬁ?ccpailve, da not pcrmlt'an evaluation of the

effectqrcf_orleptlné fhe_pozzlc with respect tc the dlrcctlop of flow
ué?e; fleld scmpllpg condltlons._ Such lnfccmatloc cculd_cnly_have‘been
dbtalceqlpy cettlng up the desired cclctlve sampling ratca.with the
hozzle parallel to the flow lines and'tﬁen rotatlng the nozzle to varlé
ous angular posltlons with no . further adJustment in the flow condltlons.

For comparative purpoces the data in Fig. 15, Report No.‘s hcve.been
replotted ﬁggllg the .intake ratio on the velocity vector parallel to the
nozzle, whlch under field sampling condltlons is equlvalent to!the
atream veloclty.x The data as replotted are shown ianlg. 3;

A study of the curves of Flg 3 indicates thct tce angle (o) at
whlch the flow: approachea the 1ntake nozzle has 11ttle effect on the
accuracy of sediment samples collected as 1ong asg the veloeclity in the
‘intake is equal to the -stream velcclty vector (v cos o) which ls paral-~
lel 'to the axis of the intake nozzle, and as long as -the angle lar does
not exceed 30°. The data for an angle of 100 are not plotted but would
determine a curve very close to that for 0°. _

" The laboratory tests descrlbed ln:Report NQ{ 5 -to dclecmine the
effect of orlentation of the nozzle with respect to the direction of the

flow were limited to a "standard” intake nozzle and, therefore, the
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Fig. 3-~EBffect of small devliatlons from normal; nozzle orlentatlion on
errors in sediment conecentration

results are not. entlrely applicable to the condltions pbtaining when the

intake nozzle ls a part of the sampler. The dlstortlan of the flow

pattern around the sampler with a 1-in. nozzle extension 1s belleved to

be negllgible when the angle of the relatlve veloclty ls zero. However,

as the angle of relative wveloclty lncreases, the zone aof dlstorfion will

eventually introduce:.some error. This error will also vary wlth the

directlion of the movement of the sampler owing to the location of the
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_alr exhaust andﬂt?e nonsymmetrlcal_sﬁfpe of the sqmp;e;.

Stud{es of the several factors 11m1t;ng the ﬁaximum transit rates

‘ for average sampling conditions indicate that a 1/8—1n,, and-ge;erally 8
3/16-in.,j1ntake nozzlg could be used for traﬁ§i£ rates as shown in Flig.
2 withoutflntroduclng apprec}ablg errorq';n the sediment, éontent of phe
samplq collecged.l Eor 1/4-1n. intake n;zzies it will be_nece;sary_to
Jrequce the maximum lowerlpg ra;e for best results. fhe maximum satis-
factory ralsing rates for the 3/18~ and 1/4-1n. nozzles are somewhat
N{ess'than-the lowering rates for similar conditions. It should be

l_femepbered, howeverf that the maximum tranait rates willrbe used pnly
yhen_samgling in streams with great depphs and high veloc;tieg.' When
;amplingain average streams thélfactors tgnding to limit the tra#sit
rates will be of ninor 1mp9rtanc§.

When gymples a@srgollected by loweyingkthe sampler £§ phe stfeam
bed and raisipg it to the surface, much the same limitations in transit
. fape app;y_ps previougly discussed. The minimum transit rates_for a
’givep depth mugt‘bg twice those shown in Flg. 2, ln order to complete
.thg_roupd—?rip‘1nteg;ation befoag ?he gample containerris completgly

fil;eq. The yaxlmum depth of sampling on this basls ig half of that for

downward integratlon in one dlrection only.

11. Maximum sampling depth--Since the maximum permissible uniform

lowering rate for depths over 19 ft. is that shown for thg surface of
the stream, the.mbxlmum sampling depth 1s obtained by substituting the
maximum value for RL/me from Fig. 1 in equation (7) or Dy = 38 fv.
That ls, by closing the intake and air exhaust upon making contact

with the stream bed, a stream 39 ft. in depth could be sampled 1f the
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velocity distribution is coﬁpafﬁbie 1o that shown in Fié;:irfbr a typl-
cal vertical velocity curve. When thé veldcity disfribuilbn:i; uniform
in the Qeriicai seﬁtloh,. r 1ls egqual to uniiy a{ any poihi, ﬁnd'the
maxlmﬁh sampling dégth; D; , will be 84 ft. The maiimum depth that:dan
be aampled'by léwering aﬁd.faisiﬁé the éamplef‘at a uniform trﬁnéit rate
wouldwbe 6ne—h;1f of the above“values for the respective condltlons.
Theseiliﬁltiné depths will 6btain';eéardless of nozzle size and sample
bottle capacfty: & | .

12. Shape ﬁnd'wgight“of samplér--ln the coufse of'the 1nveatiga-

tion it was'reéoghized that the collection of sediment samples and the
measureﬁent ofrthe flow ofrstreaﬁs are very closély interrelated. ‘On
océaslén it miéht be!deglrable to use‘the sampler as a soundiné welght
or 1o collect samples by removing thé meter from the hanger bar. 'Thafe-
:fbré, full a&&aﬁiége'was taken of ﬁhé field work ind eiperiénée gained
b};the U.‘S.'Geoiogicéliéufvey in the design of alsatiéfécioéy'ééuhding
#eight for use with the small Price current meter. The preéént C;t§pe
soﬁnding wéight, (1)* varying in size from 15 to 500 poﬁhd;,'is the re-
sult of a progfesslve change in design over a perlod of ﬁaﬂy'years.
Soﬁnalng welghts of thECC—type have been used for the past 15 yeafs'énd
are considered a major 1mpr0vemen£ over earlier mo&els.

Severai importanﬁ‘requlreh&ﬁts‘for-a satiafactory sounding weight
abproxlmate those for a sediment sampler, but in a&dition ths éaﬁﬁler
must be shaped 1o accommodate a contalmer. Also, the streamlining must

be such that there will be a minimum disturbance to the flow pattern,

..,

'* Numbers refer to references in the bibliography.
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pqrticularly_ln the vicinity of the intake nozzle, 1f the best intake
characteristlcs‘are to be cobtalned.

In

¢

the deslgn_of the expgp}mentql samplers 1trbec;me evldentithét
ltlyou}d be 1mpractica} to de;ign a slnéle samplerlgh?t.céuld_be satls—
factqulx used for very larg; r}vers as well as;fpr very_small g@reamS-
As with sounding welghts, it was anticipated that-possibly several
ﬁeight sizes would be neeged in order to simpl}fy field operationérand
mengpractlcal requirements. leeylse, it was gvldent tﬁat for certaln
types‘of st;eaps, where sedlment measurements can be maée by ?ading, a
hand sampler could be usedltoladvantage. However, sinceltpe‘propogeﬁ
qqu;pmgnt was to‘be pf an expgriment;l nature it appeared desirable to
limit the design to samplers gf moderate siie and ﬁé;éhﬁ iﬁ qrdgr that
thex m}ghp pg_tested over the widest %anée of field ;onditiona‘as the
fl;st gtglen the oﬁgerly development and standardi;atlgn. Iﬁ the event
fhe sampler.proved practical, heavigr samplé;g could thgn bermade with
Ehg 1mbroyemqpts pgsultlng from the field tests énd‘the bése design

k]

modified to sult the requirements of a hand-operated sampler.

oo 18. Type of suspgnsion—-ln’an effort to standardize the type of
connection necgssary to attach the sampler cohvenlently po a sounding
line, it was declded to adopt the hanger bar which has beén developed
and quely used by the Geological Survey with the C-type sounding
welght. With thla type of cqnnection, congurrent stream ggging apd
sediment:qampling will be facllitated in thg field. It i3 also belleved
that a current metér can be convenlently rated with the sampler as a

sounding weight Lf such an arrangement lis cqnsidered necessgary. Thus,

the equipment and suspensicn could be standardized for flexibillty and

[
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Qéneral utiliiy for a varlety of fléia'cdhdlfibﬁE; HHdue#éf; in this
connectlion it should be emphasized tﬁat thélsatléfaciorf ooiléctibn'of
ﬁaméles with the ;urr;nilaete} sﬂbﬁ;ﬂded aﬁbfé'thé snmﬁferlﬁill depend
upon éhé}deér;e 6f'er;or lhﬁr;dﬁéed, if any, ﬁ} the‘éfféai of ﬁﬂé'cur—
rent meter upon the fiow'pitﬁern aféuné the intake ndzzi& and the air
exﬁaust.

Expérléﬁég‘in making-ﬁﬁfreﬁt;m;ter mea;urém;nt; hds ied-tb tﬁe‘usé
;nd d?éeldémégt of feeis ;ﬁ& ofnneé‘ko almpllfy‘opbritions ané;fiproée
the éééufaéy bf:th; fléld:thk. ‘Simiiar ;qﬁiﬁmént can be used to a
a&&1dedhh&§iﬁtﬁge in a éedimentusﬁmpilné program.

o

14. Type of tall Vanéﬁ--in the most recent déaidha of éhhpiér

ﬁgll vaﬁés,:a ;odlfied f&rh of fhé ibperin dée?;ﬁ-the éiahda;drc-t}pe
éﬁ;réntiﬁéﬁér ;oﬁnéingiﬁeihﬁi-ﬁaﬁ adoited. VEiiensivé lnborniary teété
Vfﬁd;thai-tﬁeSé vnnéa are{&uité]effecﬁiﬁeﬁéﬁd;
;hen ;fé;e;iy‘éggiéﬂéa:‘eilmih#t?lpraaticalif aliz;;naégé§ufo;'%ﬁé'saﬁ_

P 1

R : . L c b - R I
The area of the horizontal vane was reduced to a minimum

pier’fo‘yﬁw. ;
in order ﬁdhké;p.£hé iniﬁké'hozzle esséﬁtldif;'Héfiiéntai‘uﬁifé'i;
transit. If the area of the vane were large endugh to cause the sampler
to t11% up or down appreciably, the inclination varying with the transit
rﬁte; varlablé lﬁtnké vélocitieu in ﬂhe‘nobii? wduld“fééﬁlt; iurt%;r;
more, lf'the;snﬁble; tips apb;;éiﬁbi}'ﬁhen doﬁcehding. tﬁé intéke hozzie
may ﬁo;e into the stream Behf and an erroneous samblerﬁé;l& 6;-oﬁfiinea;
This cohdlﬁioh'could readily occur 1f the stream bed were composed of
dunes éf sand or o;hér'fi;é matefihl; Due'to 1ts 1rré§uinr'dhap;.-%he
éamﬁler ai cbn;trucﬁﬁﬂ'wifi {ilt uﬁ.hhd doﬁn, ﬁut oﬁly ntféw'dééfeeh

when oﬁerated-at érdihiry transit rﬁtés.
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15. Type of containers--In selecting a container for the sampler,

a number of factors had {0 be considered. The contalner should be of a

standard type which can be procured readily. It should be made of
transparent material and be easily sealed for transfer to the labora-
tory. It is also desirable that the shape of the container be such that
it will have a maximum inside volume and still be compact so as to re-—
duce the over-all size of the sampler. Furthermore, it should be con-
structed so as to reduce the laboratory work to a minimum.

A standard fruit jar of one-pint capaclty was first selected, as
the shape is similar to that of a special type of container then under
consideration. the

However, due to lack of materials and facilities,

development of a special container was not feasible and a pint milk

bottle was flnally adopted.
this container had already been
adopted by several organizations
engaged in measuring the quantity
and character ¢f sediment trans-
ported by streams.

The tlme necessary to fill
a one-pint container at various
intake velocities with nozzles of
i/8-, 3/16~, and 1/4-1in. diameter
is shown in Flg. 4.

16. Construction and test-

ing of samplers—-The first stage

in the development of a depth-

%

Because of a number of desirable features
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integrating sampler consisted of making drawlngs and plaster models
untll a size and shape which appeared satisfactory was obtained. The
drawings were then revised and a finished metal sampler was constructed
and subjected to a number of laboratory and fleld tests. The tests dis-
closed certaln weaknesses In the design and construction uf the sampler,
which led to further revisions. In the following paragraphs, the ex-
perimental samplers are discussed in the order in which they were
designed, constructed, and tested.

17. First experimental depth-integrating sampler--After com-

pleting a working drawing, a plaster model was built to enable the
designer to see the sampler in its three dimensions without incurring
the cost of construecting the finished apparatus. Inspection of the
plaster model led to revisions in the shape of the sampler. The orlgli-
nal drawings were revised accordingly. Fig. B is a photograph of the

plaster model of the sampler.

Flg. 5--Flastar model of depth-integratling sampler

After revising the drawings, construction of the flirat experi-

mental sampler was begun. Thls sampler was made up of a brass cylinder



Section 17 ag

with vanes attached, around which was cast a lead jacket. A photograph

of thls sampler appears in Fig. 8.

Fig. 8--First experimental depth-integrating sampler

The nozzles for this sampler could be removed by unscrewing from
the inside of the head when the sampler was open. These nozzles were
deslgned with a stralght 3/168-in. bore extendling 1 in. from the intake
followed by a tapered sectlion 2-1/4 Iin. long.

The sampler was first tested for leakage by pluggling the air
exhaust and intake nozzle of the sampler and submerging it in water. A
sllght leakage was remedied by using a gasket material of live rubber
and by lncreasing the slze of the spring which holds the contalner in
firm contact with the inside of the sampler head.

The sampler was suspended from a standard-type USGE stream gaging
reel which was placed on supports across a 10-ft. channel through which

river water was allowed to flow at velocltles varying between 1 and
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8 ft. per sec. The type of suspenslon used is 1llustrated in Pig. 7.

LHEADGATE

TOP OF CHANNEL 7}

————

TT CHANNEL -y

Fig. 7--Apparatus for testing samplers in laboratory channel

This procedure served a double purpose in that it afforded an excel-
lent opportunity to study the behavior of the sampler at different
velocitles and it also made it a simple matter to calibrate the sam-
pler and thereby ascertain the relation between the filling rate and
the stream velocity. In order to accomplish thls, the nozzle and
air exhausts were plugged with small corks which could be removed
Qqulckly. The general procedure was to lower the sampler t¢ a point
1.0 ft. below the water surface, then remove the corks and start a
stop watch at the same instant. The inltial inrush at thls depth and
the error introduced thereby were ccnsidered negligible. At varying
time Ilntervals, the sampler was ralsed from thke water, the watch was
stopped, and the time of sampling and volume of water in the container
were recorded. From these data the intake veloclties were computed.
The stream velocities at the same polnt were measured with a Prlce
current meter.

The results of these calibratlon tests using both the stralght

and tapered nozzles are presented in Fig. 8 and show that the intake
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velocities for the first 6 ] —
i 1 1 | | B | —
experimental sampler were, [ !
SF— ! f/ ! L B T
in general, too high.
g ' g | b2 | A .
18, Seccnd experi- i | 1 il
" /f/f [
mental depth—integrating = | | ; i
£, | ] /// _
sampler--The tests on the 9 [ ,/ﬁ
2 | ]
w 1 1 ]
first sampler indicated z o~ _ﬂy_a”"“ﬁuMnE]
: Z2 T - — 8 STRAMGHT ROZZLE |
| — DAL RELATIDHMSHIR I
that some changes in the . | &3
design were desirable. The I
second sampler was con-
a
a ] z ¥ Y 3 S
structed smaller and VELOCITY AT SAMPLING POINT - 7/ SEC
lighter than the first one, Fig. B-—Intake characteristics of
first experimental depth-integrating
welghing only 45 lbs. &All. sampler

moving parts, as the latches and hinge, were more sturdily constructed
and operated much better than d4id those of the first model. In other
respects, the comstruction was practically the same. A photograph of

thizs sampler is shown in Fig. 9. A brass cylinder provided a recess in

Fig. 9--Second experimental depth-integrating sampler

[
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the body for a pint fruit jar sample container., The tall vanes were
welded to the cylinder and to a circular plate which formed the bottom
of the sampie contalner recess. A well was attached to the bottom
plate into which a apring was inserted to force the container firmly up
agaiﬁst a gasket f1t£ed into the sampler head. As before, the sampler
was placed in a mold and a lead jacket cast around it to form the body.

The second experimental ﬁodel was tesated in the laboratory in the
same manner as the first model. The sampler was lowered intoc flowing
water to study its performance at a fixed depth at high and low veloci-
ties, and calibration tests were alsoc made. Fig. 10 shows the test data
for a 3/16-in. diameter intake nozzle with a straight bore.

In order to study the action of the sampler under practical con-

ditions, a number of samples were collected from the Iowa River at the

6 —: : gaging station located im-
mediately scuth of the Hy-
R / )
I - draulic Laboratory of the
-
o7 State University of Iowa.
§4 " e
N ] These tests afforded the
bl L )
L J
Ea ol 3 — first opportunity to study
H p ,
g e the sampler under field
2 -L‘/( 4 ———— STRAIGHT NOZZLE
= —————— IDEAL RELATIONSHIP
,// conditions in which the
s sampler was suspended from
a standard reel mounted on
00 2 3 4 5 [

VELOCI‘;Y AT SAMPLING POINT - PT./ SEC. a cable car. The Samples
Fig. 10--Intake characteristics of were analyzed in the iabor—
second experimental depth-integrating

sampler atory to determine the
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Sediment concentration and dissolved solids content. Since the Iowa
River usually carrles fine sediment, all the samples had about the same
concentration. However, these tests indicated that further improvements
in the sampler should be made.

19. Third experimental depth-integratlng sampler--The third ex-

perimental sediment sampler embodied the best features of the two pre-
viously constructed samplers and some added improvements which were
urique to this model. The tail vanes were changed to conform with those
used on the USGS 50-1b. C-type sounding weight and the sampler was bullt
so that it could be suspended from a standard hanger bar. Thls sampler
was fitted with two studs on the bottom so that it could be set upright
when not in use and would not overturn with the sampler and a current
meter attached to the same hanger bar. The sampler body was made en-
tirely of cast brass and its weight was reduced to about 32 lbs.

This sampler was fitted with an auxiiiary head with a valve whieh,
when rotated, closed the intake nozzle and alr exhaust. When a foot
lever attached to the bottom of the Body made contact with the stream
bed, this valve was actuated, thereby making it possiblé to integrate a
stream vertical on the descending trip alone, 1f desired. With this
feature it would be possible to take depth-integrated samples in streams
which are too deep to sample with the previous model. Photographs of
this sampler togdether with the auxiliary head are shown in Fig. 11.

Thisz sampler was calibrated in one of the laboratory flumes, using
a procedure somewhat different f:om that used in the 10-ft. channel.
The veloeclty at the sampling point, usually about 0.5 ft. below the

water surface, was determined with a pltot tube. No corks were used to
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Fig. 11a--Third experimental depth-integrating sampler

Fig. 11b--Third experimental depth-integrating sampler with
auxiliary head
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close the intake or air exhaust. Since the velocity in the flume was
nearly uniform in the upper C.5 ft. of depth, the error introduced by
lowerlng the sampler into the water and ralsing it at the end of the
sampling period by means of a reel was believed to be‘quite small. In
the. lntake calibration tests the fllling time was measured from the
instant the nozzle was submerged until it was brought up out of the
water agaln.

The pltot.tube coefficient was determined-ﬁith a pygmy meter which
had been calibrated by the U. §. Bureau of Standards. The velocity
measurements obtglned with the p}tot tube were considered more accurate
than those obtained with the curfent'meter becauﬁe the pltot tube could
be held rigidly at a polnt at the same level and directly ahead of
the sampler nozzle, whereas the current meter did not always remain in
a fixed 1ocatiop, belng swung back and forth transversely by_the turbu-
lent flow.

The improved tail vames and the hanger bar type of suspenslion
greatly improved the action of the sampler throughout the velocity range
of 1 to 5 ft. per sec. As a further test, the sampler was introduced
lnto the flow at varying angles with the current and. each time it
righted liself very quickly. It was noted also that the sampler had
no tendency to whip about as did earller models.

The standard head was equipped with a 3/16-in. diameter intake
nozzle with a straight bore 1-5/8 in. long followed by a section 1-3/4
in. long, tapered 1/4 in. per ft. The auxiliary head was equipped with
the equivalent of a 3/16-in. diameter nozzle 3-7/8 in. long, the tapered

section being 3/4 in. in length. Results of the calibration tests for
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both the standard and auxillary heads are shown in Fig. 12.

Sediment samples were taken with this sampler also in the Iowa

;

8 A River at the gaging station

near -the Universlty Hydrau-

li¢ Laboratory, and a de-

N\

'elded lmprovement in behav-

s
I
y

; & ] ior, in respect to the

7

INTARE VELOCITY - FT/SEC.

3 3//1 e - - earlier models, was noted.
oA A4S
//‘V’ >, - " 20. Fourth experi-
. A .
/O/ 7' ——{=— TARERED NOilLE
iy e STRAloHT MozZLE mental depth-intggyating
—dr—— TAPERBED NOZZLE AUXILIARY HEAD ﬁ‘
) .|| = IPEAL RELATIONSHIP
e sampler--Although the third
sampler was falrly satis-
3 . z ) 4 5 : . _
' VELOEITY AT SAMPLING POINT - ET/SEC. factory, 1t was decided to
Fig. 12--Intake characteristlics of construc¢t another model
third experimental depth-integrating

sampler utilizing a pint milk
bottle as a contalner, This change was made because plint milk bottles
were belleved to be more readily available on the market, sturdler, and
easier to handle. Also, the use of waxed paper sealing caps would sim-
plify the fleld and laboratory work.

In each of the previous samplers, the alr was exhausted from the
fruit jar contalner by means of a 3/18-in, diameter tube through the top
of the head. The elevation of the end of the exhaust tube above the
center line of the intake nozzle varied from 1-3/4 in. to 2-3/4 in.
Filling rates in these samplers were somewhat irregular and too high at
low velocities. Further study of the factors affecting the ilntake

actlon indicated that the helght of the air exhaust above the intake
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nozzle provided a greater head than was neceasary to overcome the losses
for low wvelocltles and that the shape and posltlon of the alr exhaust
materially affected the intake action due to its location in a low pres-
sure area. In the fourth sampler, the alr exhaust was placed on the
side of the head and i/2 in. azkove the center line of the intake nozzle.
The tube was bent in the downstream direction as shown in Fig. 13.
Laboratory tests with the alr exbhaust tube exposed lndicated ldeal in-
take action., For protection, the tube was later covered with lead and

finished by hand as shown in Fig. 14.

Fig. 13--Fourth experimental depth-lntegrating sampler with
alr exhauvat exposed

1Sh N
Vet
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A Sl
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i f
i“'.u'_;'

‘:-'_-..'L-‘-._

Fig. 1l4--Fourth experimental depth-integrating sampler with
alr exhaust esngased
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This sampler alsc was provided with two auxiliary heads and a
foot lever device which could be attached beneath the body. The first
auxiliary head described in Section 19 was refinished to fit this
sampler. The alr exhaust tube was brought out at the side of the head
and shielded to prevent damage. The shape of the head cover was modi-
filed and the tapered secticn of the nozzle was lengthened to 1/4 in.
In the second auxiliary head, the intake nozzle was composed of a
straight tube, 3/18-in. bore, 2-1/2 in., long, and a tapered tube,
1-1/8 in. long, tapered 1/4 in. per ft., Jolned by a sectlion of gum
rubber tubing. The alr exhaust was also fitted with a piece of 3/18-in.
diameter gum rubber tubing parallel to that in the intake nozzle. The
intake and alr exhaust were closed by a spring operated clamping devlice
which would be released when the foot lever, attached to the bottom
of the sampler, made contact with the siream bed. A photograph of

the sampler with the first auxiliary head in place is shown in Fig. 15.

Fig. 15--Fourth experimental depth-integrating sampler with
auxiliary head and trip mechanlam in place
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Fhotographs of the two auxziliary heads with the covers removed are

shown in Fig. 18¢

Fig. 18——Auxiliary heads for fourth sampler with covers removed

The test work on this sampler was more exhaustive than on the
earlier models, as it was found necessary to determine experimentally
the type of streamlining required for the most efficilent operation of
the air exhaust. HResults of laboratory tests made with the air exhaust
shown in Fig. 13 indicated that the filling rates approached the ideal.
As it was desirable to shield the exhaust tube to prevent damage,
several tests were run with a wax cover in order to determine the
shape that would produce the minimum turbulence. Thi=s general shape
was then reproduced in lead on the sampler head and finished by hand
until the desired degree of streamlining was obtained. HResults with

three nozzles of 3/18-, 5/32-, and 1/8-in. diameter used in the standard
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fourth experimental depth-integrating
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head are shown in Fig. 17.
These nozzles were 3-1/2 in.
long and had the inner end ta-
pered 1/4 in. per ft. for
lengths of 3/4, 1-3/4, and 1-1/2
in., respectively. The taper in
the 5/32-in. nozzle did not in-
crease the veloclty as might be
expected. An examination of
this nozzle after the tests were
made lndiceted gsome lrregulari-

ties in the bore which apparent-

ly reduced the effectiveness of the taper.

Results of similar tests on

described are shown in Fig. 18.

This sampler was glven a
greater number of field tests
than the earller models. Sedi-
ment samples were teken in the
Cedar River near Conesvllle and
in the Iowa River at Iowa City
and near Coralville, Results of
these tests indicated the neces-
gity of having the vertical tall

vane extended below the bottom

of the sampler ln order that the
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mental depth-~integrating sampler
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sampler might orient ltself more readily before being lowered into the
stream. It was found also that the tall vanes, as originally designed,
tipped the sampler excessively at medium and high trénsit rates, thereby
increasing the intake velocity beyond that of the stream.

The following improvements, not incorporated in the earller
models, were effected in the design and construction of the fourth ex-
perimental depth-integrating sampler. (1) The air exhaust port was
lowered to reduce the static differential between it and the lotake
nozzle. The nodular enclosure was streamllined to minimize turbulence at
the outlet end of the air exhaust tube. (2) The tail vanes were altered
somewhat from those shown in Flg. 13 in order to keep the intake nozzle
essentially horizontal while in tramslt. (3) A coll spring was placed
in the bottom of the contalner recess to press the mouth of the bottle
firmly agalnst the sponge rubber sealing gasket -in the head of the sam-
pler. (4) The studs provided on the bott&m of the third sampler were
eliminated and instead the bottom of the sampler was flattened so that
1t would remain upright when resting on this flét'and on the bottom edge
of the vertical tall vane. (5) The air exhausts on the auxiliary heads
were likewise relocated and shielded for protection, the shlelds being
streamlined in order to reduce the turbulence at the outlet end.

21. Fifth experimental depth-integrating sampler--The fifth ex-

perimental sampler was very similar to the fourth model and identical
with the 38-~1lb. samplers constructed for the cooperating agencies for
field testing. Photographs of the sampler are shown in Pig. 19 and a
working drawing in Pig. 20. The exterior shape of the air exhaust was

reproduced on the wood pattern used ln makling the sand molds for the
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Flg. 18a--Pifth experimental depth-integrating sampler (38 1lb.]

Flg. 19b--Pifth experimental depth-integratling sampler (38 1b.)
with auxiliary head
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sampler heads and the air passage was drilled in the finished cesting.
The body was cast in two halves which were suksequently fltted and
Jolned together by screws. The tall vanes, adopted from the develop-
ments made in the fourth sampler, were hade of steel and were nickel-
plated to reduce corrosiop. The sampler was balanced under water as the
center of buocyancy. did not coincide with the center oflgravity. The
38-1b. sampler has not been generally used, and is no longer manufac-
tured. The bottor tripping devices used with the auxiliéfy heads did
net prove very practical for routine fieid QOrk and the development of
these modifications has been suspended. o
A 50—}#. model of the fifth deptli-integrating sampler}'ﬁedlénated
ﬁS‘Djaa,'wgé cdpstructed for field testing by the cooperapipg;;genEEes.
This éémpiér‘ﬁas‘es;entially glmilar to the 38-1b. model exééﬁfﬁthat it
was larger and heavler, and the body was cast in ore piece. - The 50-1b.
sampler was later pfdvided with a more rugged catch'for‘holding the head
in the closed position. This model has proved very practical and has
had extremely wide use in fqutlne sediment work, Photogquhs are shown
in Fig. 21, and a working drawlng in Fig. 22. ' |
The laboratorY‘tgsts on the fifth sampfer were simllar to those
made on the earlier models but the vélocity rahge wag lncreased to 7 ft.
per ‘sec. Results of tests with the 3/18-in. and 1/8-in., dlameter
nozzles are shown in Fig. 23. The 3/18-in, nozzle had a straight bore
2-3/8 ln. long followed by a 1—1n; séction taéered 1/4 in. per ft. The
1/8-in. nhozzle had the same over-all length, but the tapered section was

increased to a length of 1-1/2 in.

A few field tests relativé to the inflow characterlstics of this
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Fig. 21a--Fifth experimental depth-integrating sampler, U5 D-43 (50 1b.)

Flg. 21b--Fifth experimental depth-integrating sampler, US D-43
{50 1b.), disassembled
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‘sampler were made 1in the«Ceaar
and Iowa Rivers, The sampler
was lowered and ralsed at a
transit rate as hearly uniform.
as practicable, using a sounding.
reel and - crane normally used in
making discharge measurements
from bridges, The sampling.
interval was determined by means
of a stop watch. The velocity
from which the

observatlions,

average veloclty for the sam-

. INTAKE YELOCITY - FT/3EC.

o7
g
7 /'}
o Z
//

5 //
] 4
) 7
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3/18=IN, DIA, TA MOZILE

[ ] 178 ~IN. DIA. TAPEAED MOXZILE
2 y. IbRAL RELATION )
- Q,

1
o

- K 4
YELOCATY AT SAMPALING POINT = FT./ 3EC

Pig. 23-~-Intake characteristics of
fifth experimental depth-integrating
sampler based on laboratory tests

Pling vertical was obtalned, were made with a small Price current meter

in accordance wlth the usual stream gaging practlce.

u 4
°
g /d
' 74
t »
g2 4
g

7
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22

=Ll 3/18-1N. DIA, TAFERECG NGLIILE
178= 1N, DIA, TAPEALD NOTILE
—— |GEAL RELATIDNSHIP

B 3 4
AVERAGE B3TAEAM VELOUITY = FT./8EG.

Plg. 24-~Intake characteristics of

fifth experimental depth~integrating

.sampler based on field tests

The results of the fleld
tests are shown in Pig. 24. The
data, thle‘not conclusive due
to the shallow depths and low
velocities encountered, indicate
that the average velocify_in the
intake nozzle was about 0.95 of
the average stream veloclty for
the sampling depth.

The variation between

the laboratory and field test

data with reference to intake
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characteristics 1s believed to be due largely to the difference 1n-£he
test procedures. In the laboratory the sampler was suspended inthe
testing flume at a predetermined depth, whereas in the field the sampler
was lowered and raised at a virtually uniform transit rate. The verti-
cal movement of ﬂhe sampler produces turbulence around the intake nozzle
at the polint of intgke. Likewise, the determination of the average
vélocity in the intake quzle may be subject to some error, owing to
lack of absolute uniformity in the transit rate and to the pause made in
reveraslng the direction of the sampler upon contact wlth the stream bed.
The total time that the nozzie was submerded is the value that was used
in the computat;ons.

"The results of other field tests on the D-43 sampler are presented
in the report "Prellmrna}y Field Tests of the US Sediment-Sampling
Equipment in the Colorado River Basin, April 1944" and in the progress
répérﬁ "Comparative Pield Tests on Suspended Sediment Samplers, December
'1944." Additional information is glso presented in the progress report,
"Pield Tests on Suspeﬁded Sediment Samplers, Colorado River:at‘Bright

Angel Creek near Grand Canyon, Arizona, August 1951."

22. Development of hand sampler--The depfh—integrating suspended
sediment sampler, US D-43, discussed in the precedlng section of fhis
report, which was adopted for fleld use, welighs about 50 1bs.'§nd was
designed for use with cable and réel suspehsiﬁn. Cﬁnseqhently, the
sampling operation with fhat inst;ument ls comparable to a stream flow
measurement from a cableway or bridge.r In some locallﬁies moat of the
‘stream flow measurements are made yy wadlng, and there was urgent demand

for a 1ight weight, inexpensive sampler to be used in the smaller
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streams and canals; that ls, for sediment sampling eguipment which
would be analogous to the stream gaging equipment used in wading meas
urements.

The operational eriteria for a light weight sampler are practical-
ly the same as for the heavier depth-integrating sampler. The sampling
action is the same, and the curves shown in Fig. 4 are applicable with
respect to the time for filling the container. The theoretical limita-
tions on translit rates and. on the sampling degpth apply to all deptih-
integrating samplers regardless of weight., However, because the lighter
sampler is ordiparily used only in shallow streams, these limitations on
transit ‘rates are seldor restrictive.

The first experlimental hand sampler, shown in Fig. 25, was devel-
oped- to fill the most immediate demands for a depth-integrating sampler
of thias type. Thls model conalsted of a bottle holder of 'strap brass

with provision for attaching to the foot plate of the standard 1/2-in.

Fig., 25--Flrat experimental depth-integrating hand sampler
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round wading rod which 1s widely used in stream gaging. The bottle
holder also supporﬁéd the rounded wooden head for the bottle. The head,
with a rubber base to fit the top of‘the bottle, was equipped with an
alr exhaust tube and intake nozzle. The intake characteristlca of the
sampler were satisfactory.

A second model, later designated US DH-48, was designed for quan-
tity production and field use. This sampler consists of a ﬁtream;ined
aluminum casting which encleses a pint milk ﬁottle sample contalner., A
- pre—shaped stainless steel tube, lnvested ih the aluminum casting, pro-
-vides the air exhaust. A brass intake nczzle extends horizentally up-
streaﬁ. The main portion of the instrument contains an exteﬁded circu-
lar skirt section and a support beam to partially enclose and orlent the
sample container. The beam provides two recesses, one thredded to
recelve a standard round wading rod and the other to form a cylindrical
hcusing for a spring tensloned clamping rod wﬂich holds the sample
bottle in position. The axls of the sample contalner lis incliﬁed at an
angle of 17-1/2 degrees to the horizontal. The instrument can sample to
wlithin 8-1/2 in. of the stream bed in the normal sampling position.
It welighs 4~1/2 1lbs. including the pint bottle container. FPhotographs
Qnd a drawing of the instrﬂmen@ are shown in Flgs. 26 and 27, respec-~
tively.

This samplgr ls belleved to be adaptable to any conditions for
which a rod suspension 6f{the sampler is practicable. The velocity
of flow in the intake nozzle will be very close to that In the stream
for all stream veloclties over 2 ft. per sec., For lower stream veloci-

ties, the velocity in the intake nozzle will exceed that in the stream,
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Fig. 28b--Depth-integrating hand sampler, US DH-48,
disassembled
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but the errer introduced lis
considered negligibie. The
sampler is.calibrate§ with
nozzles of 1/d4-in. diameter,
. without taper; but smaller
diameter nozzles may be used
provided they are tapered as
required to give proper ve-
loclties within the nozzle.
Fig. 26 shows some calibra-
tion resulis obtalned with

the US DH~-48 hand sampler.

INTAKE VELOCITY =FT, 7/ SEC. |

———
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O 14— IN. BlA, BTRAIGHT NOZZLE
2 @ 3710 =IN, OVA. TAPERED HOZZLE
I78~-IN. DIA. TAPERED NOZZLE
IDEAL RELATIONSHIP

© 2 8 4 5 3 78 ) 1D
VELODCITY AT SAMPLING POINT - FT/8EC, ~

Fig. 28--Intake characteristics of
depth-integrating hand sampler,
‘ US DH-48
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III. DEVELOPMENT QF POINT-INTEGRATING SAMPLERS

23. Definition of point— integrating sampler-—A point-integrating

sampler is designed to.accunulate a water-sediment sample which i=s
repreSentetive of the mean sediment concentration at any selected point
in a streem vertical during a shnrt interval of time., Nearly all polint-
_integrating samplers‘developed prior 1o the inauguration of this inves-
:tigation are nubject to initlal inrush when the intake is opened below
-the water surface of the stream and, therefore, do not take samples
representative of bhefmean sediment cobcentration at the mampling peint.
The so-called 1nitia1 inrush is due to the pressure differential between
the inside and outside of the sampler, as pointed out in the discussion
in Sectior 2 of this report and in Section 30 of Report No. 5 of this
serles.

A point-integrating type of suspended sediment sampler embodies
all the features set forth in the discussion of the design of a depth-
integrating sampler. In addition, the point-integrating sampler should
be so0 designed that with the air exhaust and water-sediment intakes
closed i1t can be submerged to any sampling point at which the operator
desires to take a sample. At the same time, the alr pressure in the
sample container and the external hydrostatic hesd should be equalized
at all depths to eliminate initlal inrush when the intake and alr ex-
haust are opened. Furthermore, the sampler should be so constructed
that the water-sediment intake and air exhaust may be opened and closed

at any depth.

24. PFirst experimental point-integrating sampler+-In the first
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experimental point-integrating sampler thg preséures within and without
were equalized at all points by utilizing the diving-bell principle.
The sampler was constructed with an inner chamber to holdrthe sample
container and an outer air chamber havinﬂ a volume about five times that
of the sample container. The air chamber and the s;mple container were
interconnected by means of a brass tube with a passage through a spring
actuated valve, When the water-sediment intake and air exhaust, which
were also controlled by this valve, were closed, prlor to lowering the
sampler into a stream or river, the pressure-equalizing passage-was
open. The outer alr chamber-had a permanent opening at the bottom of
the sampler through which gater could enter, thereby compressing the air
in the sample contéiner a3 the sampler was submerged. Consequently, the
pressures outside and inside of the sample container were always essen-
tially equalized. When a messenger weight was dropped aleng the sus-
pension cable, ﬁpefatlng tﬁe tripping mechénism, the valve would turn
about 1/4 revolution. Thus tﬁe connection between thelsample contaliner
and the air chamber was automatically closed and at the same instant the
water-sediment intake and the air exhaust were opened. When another
welght was &ropped, the valve rotated another 1/4 revolution and the
intake and alr exhaust were again closed, the connectlon between the alr
chamber and sample contalner remaining cldsed. . The sampler, with the
trapped sample, could then be rajised to the 5u;face. The first experi-
mental sampler was fitted with a nozzle 3/18 in. in diameter, with a
stralght bore 1-7/8 in. long, followed by a section 1-3/4 1ln. long,
‘tapered 1/4 in. per ft.

The tripping mechanism used on the first polnt-integrating sampler
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was an adaptation of-that used on the Frazier sampler which is described
in Repeort No. 1. The falling messender weight striking the tripping
mechanism would permit the sampler to drop about 1. inm. This movement in
turn operated a lever system which released the walve. The first exper-
imental point-integrating sampler, shown in Fig. 2g, was made of brass

‘and welighed 33 lbs.

Fig. 29--First experimental point-integrating sampler

The point-integrating sampler was tested for. leakage and per-
formance at high velocities and was calibrated in the 30-1in. latoratory
flume. In the original design, the air escaped through a 3/168-in, un-
protected vent on the top of the head. The tests indicated that the
intake nozzle velocltles were too high. In an effort to improve the
filling characteristics, the alr exhaust was brought out on the side of
the head, i/2 in. above the intake nozzle and was shielded by means of

a streamlined brass. cover. Results of tests with the air exhaust in the
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two different positions .are e
shown in Fig. 30. o . : A

L] 7

The sampler with the alr —t— y/f/‘

g
exhaust ln the new position was §‘ )// ‘

e a V.

: e
tested and sediment samples were %3 ‘/ ,J/

: A A
collected 'in the Iowa River at = 7 7

g A

- 5
the gaging -station just below /]/ —8— AIR CXHAUST AT TOP GF HEAD

O AR [XHAUST ON 8108 OF HEAD
//( =rwr—r IGEAL RELATIOMSHIP

the Hydraulic Labaratory at Iowa 11—
City: The equlpment included a !

0 ] F 3 4 5 )
s tand ard stre am g ae lng ree l YELDCITY AT sn-MFLll'IG POINT ~ FT./8EC.
mounted on & cable .¢car, Sedi- Fig. 30-~Intake characteristlices of

first experimental point-integrating
ment sampleg were collected alsqg . ) sampler

from the Cedar River near Conesvllle. At this statlion a portable stream
gaging crane equipped with a reel was used from a highway bridge. Re-
sults of the .tests indicated satisfactory intake characteristics for
the depths. and velocities encountered.

25: Second experimental point-integrating sampler-~-The fileld

tests on the first gampler indicated that the valve mechanism was not
entirely satisfactory. The impact of the messenger weigh£ did not
slways release the tripping mechanism and in some lnstances the device
would permit the valve t0o turn to the second position with the first
messenger weight. PFurther study of the problem indicated that many of
the undesirable features cof the mechanical closlng device could be
eliminated by using an electrically operated valve mechaniasm. However,
due to the lack of materials and machime shop facllities for the devel-

opment of such a mechanism, the changes in the second model were at
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first limited to improvements in the mechanioal closing device. The
body of the first sampler was used in making the second with such modi-
fication.a; were necessary to adapt it to the new valverand tripping
mechanism. HAn ihproved head eatch was also developed for the second

sampler.

The valve trippiné'mechanism in the second sampler’is‘actuated‘

di;éct}y.by phg impact‘of?messenger welghts. The impact moves a pin-
connecﬁea léﬁer syﬁfem which'in turn operates a modified escapement that
monentﬁrily releagses the flat bfonze driving spring. - The valve rotates
through 120° each time the escapement is tripped. As the valve turns,
the released ratchet tooth slides against the curved face of the pawl,
squeezing the pawllﬁack against the ratchet wheel in time to engage
the next tooth, thereby'making the movement and arrest of the valve
positive.

As in the first model, the sampler is fitted with a 3/18-in.
diameter nozzle. However, the length.of the tapered section was re-
duced to 3/4 in..as an inspectlon of the'nézzle in the first sampler
revealed that the valve was not 19 exact alignment, thereby reducing
the effect of the taper. A phetograph of the second point-integrating
sampler is shown in Fig. 31, and a view of the valve mechanism in
Pig. 32. A drawing of the sampler is shown in Fig. 33. This sampler
was calibrated in. the 30-in. laboratory flume, the prooedure being
the same as for the first model. Samples were taken in the Iowa River
at the Iowa Clty gdaging statlon below the Hydraullc Laboratory. Re-
sults of ‘the field tests indicated that the performance of .the sampler

was satisfactory for the depthé and velocitlies encountered. Results

~
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Pig. 31i—Second experimental point-integrating sampler

+

=

Fig. 3g--Valve mechanism for second experimental point-
integrating sampler
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of these tests are shown in
Fig. 34.

The second experimental
point-integrating sampler was
later modified by adapting a
splenoid to the sampler in
such a manner that the mecha-
nism could be tripped electri-
cally instead of by the impact
of a2 messenger weight. The
sampler ls shown with the
solenoid in place in Fig. 35.
However, this feature proved

inadequate for field operation.

Btanl VELOZITT = Fi /B0

[

L. — i
e B A1 = 1N, [k, TAPEALS h:\:l’.qL
IDEAL BEL ATIE N

!

VELGEITY AT BamrLing FOINT = FT.780C

Fig. A34--Intake characteristics of
second experimental point-Iintegrating
sampler

Flg. 35--Second experimental point-integrating sampler with solenoid
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26. Third experimental point-intedrating sampler--The resultis of

the fleld tests on the second experimental sampler indicated that a
point-integrating sampler was required for investigations of fluvial
sediments and that a satisfactory sampler could be developed. An elec-
trically operated tripping device for the valve mechanism appeared to be
desirable, as well as improved streamlining and greater weight. Conse-
quently, a complete new design was made for the sampler body and the
valve tripping mechanism.

The dlving-bell prineiple of equalizing pressures proved very
practical and was carried over into the design of the third experimental
point-integrating sampler. fhe sampler was made larger and the weiéht
was increased to nearly 100 1lbs. This sampler, completed in 1948 and
designated US P-46, is illustrated in Figs. 38 and 37. Drawings of the
sampler are shown in Figs. 38a and b. The results of callbration tests
made in the laboratory éhannel by procedures simiiar t0o those used for
the first experimental sampler are presented in Fig. 38.

The US P-48 sampler is discussed in detail in the report, "Opera-
tion and Haintehance of US P-46 Suspended Sediment Sampler." Field
tests of the sampier have been published in the progress report, "Fleld
Testslon Suspended Sediment Samplers, Colorado River at Bright Angel
Creek near Grand Canyon, Arizona." The results of the fileld tests indi-
cated that the US P-46 sampler is entirely satisfactory for field use,
but that. additional development work on the valve tripping mechanism
would be desirable.

This sampler is désigned primarily for obtaining accurate point-

intedrated samples and has been widely used in the field for that
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Fig. 88a--Third experimental polint-integrating sampler, US P-48

F

Fig. 38b--Third experimental peint-integrating sampler,
F as

-48, disassembled
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Flg. 237a--Valve mechanlam for third experimental polnt-integrating
sampler, US P-48

Fig. 37b--Valve mechanism for third experimental point-integrating
sampler, US P-48, partlally disassembled
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purpose. In addition 1t has
been used extensively as a 0
o o
depth-integrating sampler for
SaEETE ; i o
sampling throughout a stream §1 .
2
'8
vertical either on a round- ée
g [
trip basis or in one. direction B3
only. When used as a depth- z
3
integrating lnstrument, the o 3/18~ N, OIA. TAPERED HOZZLE | |
2 —————— IPEAL RELATIONSHIP
'sampler la subject to the . Y
deptlh limltations discussed in 00 1 a 3 a C38 r 8- 7 T3}

VELQCITY AT SAMPLING POINT = FT./3EC.

Section 11. Depth-integrated o : .
Fig. 3¢--Intake characteristics of
samples have been obtained third experimental point-integrating
sampler, US P-48

satisfactorily in deeper

Streams by integrating portions of the depth successively. The results
of such samples must be welghted properly in accordance with the stream
discharge which each represents. However, if uniform rates of lowering
or ralsing the sampler are maintained during collection of all samples
in a glven vertical, these samples may be composited intc one sample
which will be representative of the entire vertical. In sampling por-

tions of the werticel; no part of the depth should be omitted and none

should be sampled twice without giving those facts proper weight.
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Iv. STUDIES OF INTAKE CHARACTERISTICS OF SEDIMENT SAMPLERS

27. Effect of water temperature gn intake ‘characteristics--The

laboratory investigations discuassed in Report No. & db not lnclude any
studies relatl*e‘to the effects of water temperature on the intake char-
acteristics of the standard nozzle. It was generally felt at.the time
of those te#ts that the intake velocities were outside the range:of
1aming¥ flow and the effects of temperatﬁre changes were lnsignificant.
However, asighe‘development,;? the samplers continued, the effect of
£empérature became inereasingly evident, and allowance was made in the
sampler calibrations for the effect of temperature on the relatlive ‘sam-—
Pling rate,- or.intake ratio. In addition some data were available in
engineerlng.literature to support the fact that temperature does defi-
nitely. affect the flow of water ln small tubes. For small smooth plpes
the loss of head has been found to increase about 4 per cent for each
10° fall in- temperature from 70° .to 40° F. (2)*. Recent  -laboratory
Investlgations indicate that the velocity of water In small glass tubes
may be lnereased as much as 20 per cent when the temperature ls In-
creased -from 32° to 77° P. (3)*

‘Results of intake veloclty tests on D=43 sampler No. 81 with water
temperatures at approximately 92° and 87° F. are shown in Fig. 40. The
effect of temperature shows up markedly at the lower velocitles, but
seems to decrease rapidly as the veloclties increase. There is some

inconsistency in the results at 1.0 and at 2.0 ft. per sec. for the

* Numbers in parentheses refer to references ln the bibliography.
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used throughout the tests.

28. Effect of transit rate on intake characteristics—--In the

development of the depthfintegrating samplers, it was recognized that
the laboratory tests made with the sampler in a fixed position and the
nozzle horizontal would not provide complete informatlon om the lntake
characteristies that prevail when the sampler lis 1n-£ransltu Laboratory

facillties did not permit studies io be made of normal depth-integratlion
sampling. However, some llmited laboratory tests were made wlth the
nozzle and sampler tllted 10, 20, and 30 degrees 1n the vertical. These
tests are cbmparable to collecting samples when the transit rate ls such
that the relatlve velocity vectors are likewise 10, 20, and 30 degrees.
Results”for a‘D—43-sam§ler with 3/18-in. diameter nozzle and at a water
temperature of 320 F. are shown for two different velocltles in 'Fig. 42.
The data in terms of the relative sampling rate {(intake veloclty divided
by the stream velocity, v} plotted against the angle of inclination (®)
are shown in Fig. 42a. The same data expressed as intake ratio (intake
velocity divlided by v cos @) plotted agalnst the angle of 1nclina£ion
(a) are shown:in Plg. 42b.

The expression "relatlve sampling rate" as used in Report‘Noa 5
was defihed merely as the ratlo Qf the veloclty in the intake nozzle to
that in the gtream at the sampling polnt. This simply relates‘two
veloclities, but the relation has a somewhat different significance when
stream vel;city refers to a velocity approaching a sampler nozzle which
is held in a fixed position at an angle to the flow, or when stream
velocity denotes a horlzontal velocity approaching a Eamplgr nozzle

which ls being moved across the lines of flow.
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Fig 42--Effect of small deviations from normal nozzle orientation
on ihtake characteristics of US D-43 sampler
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The data presented in Fig. 3 are a replot of data from Report No.
5 showing the intake veloecity relation, the factor which determines the
accuracy of the sampling process, as the ratio of thg-veloei@y-in the
intake nozzle to that vector of the stream velocity which approaches the
intake nozzle aiong its axis, This vector is v cos ¢ when a 1is the
angle between the approaching velocity and the intake nozzle as shown in
the small sketches in Fig. 42b. This concept of intake veloeclty rela-
tions has been termed ﬁhe "intake ratio." Obviously, whenever the in-
take nozzle is parallel to the flow, the two expressions "intake ratio"
and "relative sampling rate" are equivalent, because cos o is then
unity.

The data shoﬁn'in Fig. 42b are analogous to the results to be ex-
pected from actual depth integration with the sampler moving vertically,
in which case the vector velocity would he eguivalent to the stream ve-
loci£;.  The upward tilt of the nozzle ana sampler as given hereris com-
parable po downward transit in normal depth-intedration sampling. These
data seem to indicate that the maximum rate of vertical movement of the
éampier for dependable operaticon would be about 0.38 of the gtream
Qelocity, corresponding t¢ a vertical ahgle of 20 degrees, Possibly‘é
somewhat higher rate would be allowable for downward than for upward
integration.

A study of the available data indicated the desirability of deter-
mining the intake characperistics for depth-integrating samplers under
controlled conditions. Laboratory tests were conducted on this basis at
the David Taylor Model Basin in still water with the sampler supported

on a movable carriage. This arrangement made it possible to determine
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the intake velocitles - ln the sampler nozzle through a range of vertical
and horizontal tranilt rates. .

In the coriginal plans for the tests, the sampler was to have been
supported on a rigid frame assembly. However, as such equipment was not
immediately avallable, the tests Her; conducted by suspending the sam-
Pler on a cablé ;ttached to a ;Evolving drum. Thls procedure made- it
negégéary.po“qorrect fdr doanstream‘dr;ft of thé sampler at most hori-
zontal translt rates.

‘The 1nvestigaflon:at the David"Taylor Model Basin was conducted
uhder cﬁnditibns correspondiﬂg to those in a stream in which the:véiOcl—
ty 1s tﬁé same from the wéter surface to the bottom and in whlch there
is no turbulence.. The results, which are summarized in Table 2, verlfy
the limiting downward transit rates ocbtailned from equations (5) and (&)
for conditlons at the water surface; where the permlssible lowering
rates are-alwaysldgtermlned for cond{tions'bf uniform velocity;.énd ;g
far .as applicable these results also substantlate the limiting lowering
rétég of Fig. 2. The allowablé relatife transit rate‘for upwara-lnte—
gratlon probably does not vary with depth, so that the limiting ratio of
raising rate to stream velocity should not be exceeded at any point.
Because of the shape of the normal vertical velocity curve ln a stream,
the veloclty at.the bottom will establish the. limiting transit rate for
upward lntegration. The allowable transit rate for upward integration
may he found to be much smaller than the allowable transit rate for
downward lntegration in the same stream, depending upon the depth,
veloclty distributieon, and size of nozzle used. In order to deter-

mine the transit rate which is appllcable ln any speclfic case the
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limitations for both upward and downward integration should be inves-
tigated. For round-trip integration, the minimum indicated for either

trip should be used.

TABLE 2

DETERMINATION OF MAXIMUM RELATIVE TRANSIT RATES

Maximum relative transit rate - Rp/vy
*Laboratory tests,
Nozzle | Direction Davlid Taylor Fleld tests,
diame- of Model Basinm v = vq Colorado River
ter integra- ' From nr Grand Canyon
Sampler in. tion Test data|equation (5)| from equatlion (5)
P-48 3/18 downward 0.45 0.39 0.40
upward 0.35 - -
(100 1lbs.) i/8 . downward 0.20 0.17 0.18 -
upward 0. 30 - -
D-453 3/18 | round-trip( 0.50 - -
{50 lbs.) 1/8 round-trip 0.28 - . -

¥ Report entitled "Investigation of Intake Characteristics of Depth-
Integrating Suspended Sediment Samplers at the David Taylor Model
Basin." .

"The maximum relative transit rates based on the David Taylor test
data are not those at which the transit rate begina to affect the intake
ratio, but are the rates at whichrthe effect on the intake ratio 1s the
maximum which may be allowed without introducing the possibility of
noticeable error in the sediment content of the sample. Consequently,
‘the maximum relative transit rates computed by use of equation (5) are
somewhat more restrictive than those determined from the test data.

The maximum transit rates shown for the conditions of the field

tests in the Colorado River near Grand Canyon, Arizona, were computed
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by use of equation (5). At these rates, the first effect of the transit
rate should appear for tbe conditlons of velocity distribution found at

the Grand Canyén station, = .. - oo o e
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V. DEVELOPMENT QF NEW MODELS

‘

29. Introductory statement--Subsequent to the developmental work

on the sediment samplers previously described ln this report, the
cooperative project offices were moved from Iowa Clty, Iowa, to the S5t.
Anthony Falls Hydraulic lLaboratory of the University of Minnesota at
Minneapolis, Minnesota, in the spring of 1948. The design of new models
of suspended sediment samplers and the improvement of previous models
were continued at the new locatlion. Two new models recently developed
are described in this chapter.

A modification of the valve and operating mechanism of the US P-48
sampler as deslgned and developed by the Omaha Office of the Corps of
Engineers ls also presented. This modified sampler has been termed
P-48 E.

30. Depth-integrating sampler, US D-46--Extensive use of the 50-

l1b. US D-43 sampler under a wide range of fleld condltions lndicated
that 1t was satisfactory for streams of moderate depth and where veloci-
tles do not exceed about 5 ft. per sec. However, the tests lndicated
also an lncreasing lack of stability as the sampling depth, the veloci-
ty, or the degree of turbulence increased. The tall vane of the D-43
sampler projects below the bottom contour of the body in order to facll-
itate orlenting the sampler into the stream flow prior to submergence.
It was found that, when the bottom tlp of the tall vane struck the
stream bed and the tenslon In the suspenslon cable slackened, theAbody
of the sampler would be turned sideways by the current before the sus-

pension cable was tightened agaln for the ascending trip. In order to
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correct ﬁhese deficiencies and to incorporate other indicated improve-
ments in-the depth-integrating sampler, it was decided to develop an-
other ‘model.

-7 In the new sampler, designated the US D-49; improved stability was
obtained by more effective streamlining, increasing the lendth from 20.5
in. to 24.in., and by shifting the center of gravity forward to bring
thé point of suspension of the instrument relatlively closer to the front
of the sampler. Under some field conditions where the stream flow was
very turbulent-and the velocities around 5 to 8 ft, per sec., .the D-43
ganpler would wedve about in the flow and drift downstream considerably.
As-antlclpated during the development of the D-42 sampler, increasing
the weight to about 83 1lbs., together with improvements in the. body
design, largely remedied this conditlion.

To bring the center of gravity -forward in the US D-43 sampler, a
cavity was formed in the rear portion of the body casting, which was
later filled with plastiflex, a rubber-like substance wlth a sgpecific
gravity slightly over unity. The presence of a light-weight sectlon
within the body of the sampler displaces the center of buoyancy backward
from the center of mass.. Consequently, the linstrument c¢an be balanced
in water. so-that it will operate in a horizontal position. Yet when the
ingtrument ls suspended in air the tail will sag slightly, thus helping
to align the samplér.wlth the. stream flow even though the bottom of the
tall does not project below the body when the sampler is in a horlzontal
position.

‘.. As orlginally designed, the head of the D-43 sampler was mounted

on the body with the hinge on the top and the catch on the bottom to
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permit use of a bottom tripping device. Reversing the posltlion of the
catch and hinge, with the hinge on the bottom so that the sampler head
would swing downward to open, had been under conslderation for some time
8as a means of making the sampler safer and easler to operate. This
change'was made on the new model, and the hinge was also simplified,
glving better operating characteristics and reducing the cost of manu-
facture.

The development of the stalnless steel air exhaust in the US DH-48
sampler and improvement in casting methods made it possible to invest a
similar pre-shaped tube in the head casting for the D-49 sampler. Thus
an expenslive machining operatlon to provide the air exhaust passage was
eliminated. Lugs were cast in the bottom of the container cavity to hold
the bottle spring, and the bottle gasket was also aimplified somewhat.

Photographs of the U3 D-49 depth-integrating sampler are shown in
Fig. 43 and ‘partial plans are shown In Fig. 44.

The intake characteristlcs of this new mddel are the same as those
of the D-43, and the same accuracy, methods of operation, ete., are ap-
plicable. With the improved air exhaust, less taper is requlred in the
nozzles of this instrument to provide the deslired intake ratio.

‘31. Alternate valve mechanism for P-48 sampler--An alternate

valve mechanism for the P-46 sampler has been developed in the Omaha
District Office, Corps of Engineers. Samplers equipped with this mech-
anism are deslgnated P-46 E. The valve includes a bypass to divert flow
out of the intake nozzle prior to sampling, the purpose being to avoid

any possibility of developing an accumulation of sediment in the nozzle



Sectlion 31

Ba

F

Flg. 43a--Depth-integrating suspended sediment sampler, US D-48

Fig. 43b--Depth-integrating suspended sedlment sampler, US D-48,
head open

Fig. 43¢c—-Depth-integrating suspended sediment sampler, US D-49,
disassembled
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which would ‘be washed into the sample bottle when the valve is opened
for-sampling. There seems to be some doubt as to the comﬁlete,ef—
fectlveness. of this bypass and no concluslve data are avallable on this
point. Tests presented in the progress report "Fleld Tests on Suspended
Sediﬁent Samplers, Colorado River at Brlight Angel Creek‘nearrGrand
Canyon, Arizona, ‘August 1951" indicate that even without a bypass there
was very little accumulation of sediment In the sampler.-nozzle prior to
sampling.

The head of the sampler ls pressurized, that is the compression
chamber and the head cavity are connected at.all times by an air pas-
sage, but the passage of air from the head cavity into the sample bottle
is controlled by the valve. This arrangement reduces the theoretical
depth to whlch the sampler can be operated from about 140 ft. "to about
75 ft. By making the pressure inside the head equal to that outside,
the tendency for leakage into the head and through the valve .is feduced.
Some of the regular US P-48 samplers have been similarly pressurized by
'making a hole in the compression line inside the head cavity. Pres-—
gsurizing the head is optlonal on any of the US P-48 samplers.

The movable portion of the valve slldes longitudinally rather than
rotating as in the standard US P-48 mechanism. Apparently elther type
of motion 1s-reasonably satisfactory. The P-48 E mechanism does not re-
Quire winding, but there is no simple provision for loosening the valve
.to start operation if the valve should stick or become hard to operate.

The modlfled mechanism returns the valve to the closed position at
all times when the,instrument'is not electrically activated. Besides

the closed position, there are two other positlions, (1} the equalizing
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position which is used just prior to sampling to equallze the pressure
in thg sample bottle at the same time the byfass is8 aopen to eallow flow
to circulate through the intake, and (2) the sampling position in which
the intake nozzle passage into the sample bottle and the alr exhaust
passage from the sample bottle are both open. Two solenoids are pro-
videdvfor the operation of the valve. One operates to slide the wvalve
into the equalizing position, and the other does the same for the sam-
pling position. The direction of the operating current, which must pass
through a rectifier in the sampler head, determines which of the sole-
nolds will operate. The electrical circuit is closed through the sus-
penslon line and sampler in one certain direction to place and hold the
valve in the e&ualizing position, then the direction of the current flow
is reversed to move the valve into the sampling position. The current
supply is shut off at the end of the deslred sampling time and the valve
moves baok to the closed position. With the mechanlsm operating proper-
ly, the position of the switch automatically indicates the position of
the valve. Operation pf this mechanism requires direct current of about
80 volts capable of supplying about 3 amperes for the duration of the
sampling time.

The cost of manufacture of the P-48 E type of mechanism has been
about the same as that for the standard US P-46 mechanism, although the
latter is éenerally‘considered the simpler to make.

Photographs and partial plans of the P-48 E valve mechanism are
shown in Figs. 45 and 46, respectively.

32. Point-integrating sampler, US P-50--The demapd for a point-

integrating sampler for use in extremely deep rivers of high velocity
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Fig. 45a--Valve mechanism for P-48 E sampler

Fig. 45b--Valve mechanlsm for F-48 E sampler, dlsassembled
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‘resulted in the ‘deslgn of a 300-1b. pointiintegrating suspended sediment
sampler designated ‘US P-50.

""Thls sampler was deslgned primarily for use under conditlons such
45 ehcountéred {n thé Lower Mississippl River where the stream depths
andi"velocities preclude the use of the US P-46 sampler. The body ls
suffi¢léntly large to accommodate a quart bottle as a sample container,
#rid a compression chamber in the body to permit operation of the sampler
to depths of 200 ft. with the head dhvity'preésurlied. The compresslion
chamber is located aﬁfroximately on the center of gravity of the sampler
80 that the instrument will not tilt appreclably as ‘the compression
chamber 'is filled with water. The center of gravity is located as far
forward as possible In order to provide stability in turbulent flow.
The sampler head, being hingded at the bottom, opens dowhward for ease
and safety in handling.

The sliding type of valve operated directly by solenoids was
adopted. However, for simplicity bf operatlion, only two posltions are
used., A spring holds the valve in the equalizing position, énd the
solenoids when electrically energized hold it in the open position. In
the equallizing position, the lntaké and airmexhaust passages are both
closed, but the alr passage from the sample bottle into the pressurized
sampler head 1s open. The sample could thus be contaminated by the
almost complete filling of the sampler head with;waﬁer, and sample could
be lost 1f the sampler were to nose downward at an angle of about 15
degrees. Both solenoids exert pressure in the same direction. The di-
rection of electrical current flow is immaterlal, and no rectifier is

needed. The solenolds are arranged so that one acts 3s a starter and
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booster for the slide valve, and a limit switch cuts out that solenoid
when the slide valve has nearly reached the é&mpllng position. The
limit switch is not an essential feature as the starting eolenold may he
used throughout the sampling time, but by de-energlzing this solepoid
the current requirements are reduced and the,act;op,of the holding sole-
noid is slightly strengtheped. The hplding solenoid lis alwgys‘in use
when the current supply la turned on, and this solenold will operate the
sllide valve alone under fgvorable cqndlticng.

Sampling takesrplaoeéduring_thertime the solenoids are energlized.
QperationHQn bench tests has heen satisfactory at 14 volts, Presumably
20‘to‘59;y0}ts of direct current capable of supplying about 1 ampere
over the time of sampling would be needed for fleld operationm, the
voltage regulrements increasing with;the length of suspenslion line.

The US P-50 sampler is designed for the same type of sampling and
is expected to hgveithg_same sempling characteristics and accuracy as
the US P-46. Photographs and partial plans of the US P-30 are shown in

Fiés.,g? and 48, respectively.
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VI. DEFERRED INVESTIGATIONS

»33. General--During the couyrse of develeopling the sediment sam-
plers, a number.oflpertinent features under consideration were neces-
sarily left in abeyance because the war emergency made it necessary to
curtail the initial project. Some of these items have since been lnves-—
tigated in c;nnection with continued sampler development, others are
mentioned here as possible projects for future investigation.

34. Collapsible bag sample container--Consideration was given to

using a collapsibie bag, posslbly of some transparent flexibl? plastic,
instead of a rigid vessel for the reception of the sample. The bag
might be #ttached by means of a metal ring to the inside of the sampler
head. The head would'be fitted with an intake nozzle only, no alr ex-
haust being required because the bag would be collapsed when placed in
the samp}er. Ports in the walls of the recess enclosing the deflated
bag would permit water to surround the bag, thereby eliminating any ini-
tial inrush due to unequal pressures. The velocity of the stream would
force Qater into the ccllapsed bag while the water within the bag recess
would escape through thg ports in the sides and bottom, This type of
contaliner could be used in both point- and depth-integrating samplérs.
While the collapsible bag centainer would have aevefal deslrable
features, it probablylwould not be as satisfactory as the glass bottle
adopted for the US samplers. The removal of the collapsible bag from
the sampler t0 a rigid container in the fleld would present some practi-
cal difficﬁlties. The valve in the intake nozzle would have to be

positively'tfght in order'tb'kéep the bag collapsed and the fittings



Section 357 . — ’ 101

required to.attagch the bag to the head would complicate its removal in
the fleld.: In addition, . the procedure in pouring.and flushing the sedl-
-ment sample from Hhe,pag‘tola laboratory container such as an evapo-
rating dlsh. ar:'Gooeh eruclble would be more difficult than from a rigld

container. - . ST

35. Rigld plastic contalner--In the use of the presgnt sample
contalner, frequently the sample is allowed to settle for a glven period
and the clear water drawn off by means of a,siphon. Then the remainder

.of .the water-sediment mixture is washed into a Gooch crucible or evapo-
;rating dish. As this procedure is rather laborlous, some thought was
‘glven to the design of a special contalner which could be used In con-
-nection with a modified form of the present evaporating dish. The con-
tainer would be made of & colorless plastic having straight sides
graduated between 330 and 450 ml., with a milk-bottle type of lid, and
a hole in the bottom threaded for a removable plug. A speclal evapo-
rating dish would be made to fit the top of the container. Thus with
the contaliner lnverted the sediment would settle directly into the
evaporating dish. The clear water would then be drawn off through the
hole in the bottom. The study given to this type of contalner was not
carrled beyond a limjted design because 1t was thought that the develop-
ment costs would be excesslve.

38. Pressure equallzed by means of gas or compressed alr--It 1s

believed that for most sampling purposes the pressure equallzing method
used in the design of the present point-integrating samplers will be
satisfactory. It ls automatic, utlilizing materlals at hand, namely, alr

and water, without any attention from the operator except an oeccasional
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inspection to insure that water ahd air passages remain open. However,
if the reguirements of a particular sampling program shpould preclude "use
of the diving-bell principle, initlal Anrush could probably be overcome
by introducing into the alr chamber a small amoupnt of frozen carbon
dioxide or carbide, and plugging the hole in the bottom of the sampler.
The gas generated would create pressure in thée chamber and sample con-
tainer. Then if the water intake and alr exhaust were opened and the
connection to the gas. chamber closed, any excess preasure within the
sampler contalner would be instantly rellieved and the aamplerlwould
Immediately begin filling at a rate equal to thé stream veloclity at the
peint. Pressure in the chamber and contalner might be supplied by
threading a valve into the hole at the bottom of the sampler and pumpling
air Inteo the chamber. Thls would necesslitate designing the connections,

container, etc., to carry a pressure of about 20 1lbs. per sqg. in.
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